SUMMARY Perceptual function in eight patients with pseudohypoparathyroidism (PHP) was studied with two neurophysiological measures, the average evoked response (AER) and nerve conduction velocity. A battery of psychophysical tasks including reaction time, size estimation, 'hidden pictures,' and the rod and frame procedure was also used. Patients with PHP had significantly longer latency visual AER and slower reaction time than a group of normal volunteers, and they performed erratically and poorly on the other psychophysical tasks. Differentiating these patients with diffuse mental deficiency were two relatively specific perceptual response patterns: (1) AER amplitude decreased with increasing stimulus intensity, and (2) 
. Physical features of patients with this disease include brachydactyly, round facies, short stature, and obesity; in addition, these patients exhibit mental deficiency, hyposmia, elevated thresholds for the tastes of sour and bitter (Henkin, 1968) , and abnormal electroencephalograms (EEG) (Frame and Carter, 1955; Rose and Vas, 1966 (Dickson, Morita, Cowsert, Graves, and Meyer, 1960) and hyposmia in the mothers of some of these patients (Henkin, 1968) suggests familial factors in PHP. While some improvement of mental status may result when patients with PHP are treated to raise their serum calcium, we have observed little or no change in sensory function (Henkin, 1968) . In contrast to these sensory findings, the abnormal electroencephalograms return to or toward normal on correction of the serum calcium (Frame and Carter, 1955; Rose and Vas, 1966) .
The average evoked response (AER), which is obtained by averaging the EEG responses to many repetitions of a stimulus, reflects both neurophysiological processes and sensory function. In this technique, the irregular background activity from unrelated neural and scalp muscle processes is averaged out, whereas specific repetitive electrical activity resulting from the stimulus becomes clearly defined. AER can be recorded from subjects by presenting any sensory stimulus-for example, light flashes, clicks or tones-which has an onset abrupt enough to produce synchrony and repeatability of brain response.
Since we have previously found specific sensory and neural defects associated with several endocrinopathies (Henkin, 1967; Ojemann and Henkin, 1967; Henkin, 1968; Henkin and Daly, 1968) , the administration of a battery of neurosensory and perceptual tasks seemed useful in the present study. The contradiction between our finding of the association of short latency evoked responses with low serum calcium concentrations (Buchsbaum and Henkin, 1970) and reports of long latency AER in mental defectives (Hogan and Graham, 1967; Nodar and Graham, 1968) (Buchsbaum and Silverman, 1968 (Silverman, 1964 4. Reaction time (Zahn and Rosenthal, 1965) . The subject sat before a telegraph key and a loudspeaker. He was told to depress the key at a signal from the experimenter and to release it as soon as possible after the onset of a tone. Before each trial, the experimenter said 'ready' and the subject then depressed the key, initiating a delay which served as a pre-set preparatory interval. Ten trials each of five preparatory intervals (1, 2, 4, 7, and 15 seconds) were administered. After a two minute break, the subject was given an irregular series of preparatory interval trials in which the same five intervals were used but in random order. The results were reported as change in reaction time with increasing preparatory interval duration and variability. The 'Set Index' (Rodnick and Shakow, 1940) , an empirical discriminating formula designed to separate responses of schizophrenic from normal patients, was also computed.
5. Hidden pictures (Thurstone, 1944 Zahn and Rosenthal (3-9 and -1 2) and show the same divergence of the regular and irregular series that they observed (Zahn and Rosenthal, 1965) in a group of schizophrenic patients (6.0 and -17-8). ance shown by the patients with PHP might largely be expected from patients with mild to moderate intellectual deficiency, two measuresthe reaction time and AER slope-suggest more specific deficits. We observed the same difference in reaction time response pattern between normals and patients with PHP as did Zahn and Rosenthal (1965) between normal subjects and patients with acute schizophrenia. Of significance are the greater increases in reaction time with increasing length of preparatory interval in the patient as compared with the control group in the regular series and the greater decrease in reaction time in the irregular series. The greater increase in reaction time with increasing length of preparatory interval in the regular series appears to reflect the greater difficulty the patients with PHP had in maintaining a mental set over a long interval. Zahn and Rosenthal explained the decrease in reaction time with increasing length of the preparatory interval in the irregular series as a function of the preceding preparatory interval. Reaction time trials with one second preparatory intervals were usually preceded by trials with longer preparatory intervals. After a long preparatory interval trial, subjects generally are not quite as ready to respond in the first few seconds of the next preparatory interval as they tend to expect another long preparatory interval. Normal subjects in our sample, as in that of Zahn and Rosenthal, were able to respond to the signal tone with minimal effects of the irrelevant information provided by the last preparatory interval. However, this ability was not found in patients with schizophrenia (Zahn and Rosenthal, 1965) or with PHP. Indeed, patients with mental deficiencies with the same range of IQ as patients with PHP clearly resembled normal subjects on an essentially identical procedure (Tizard and Venables, 1956) ; the mean reaction time in the patients with mental defectiveness did not differ from normal. On a similar visual reaction time task Costa found that a group of patients with various cerebral diseases showed slow reaction times that did not change with preparatory interval (Costa, 1962) . Since patients with mental defectiveness exhibited normal reaction times and brain-damaged patients did not show the preparatory interval effect exhibited by patients with PHP the abnormal performance of patients with PHP must reflect something other than low IQ or non-specific cerebral damage.
If some simple physiological factor such as nerve conduction velocity, muscle tone, or sense organ deficit were responsible for the slow reaction times observed in our subjects we would expect to see the normal preparatory intervalreaction time curves merely shifted upward.
Instead, we observed additionally an increase in the difference in the effect of preparatory interval between the regular and irregular series-evidence that higher levels of processing must be involved in the poor performance of patients with PHP.
The AER results in patients with PHP also parallel an earlier reported finding of decreasing AER amplitude with increasing stimulus intensity in a group of nonparanoid schizophrenic patients (Buchsbaum and Silverman, 1968) . This phenomenon has been called 'reduction' (Buchsbaum and Silverman, 1968; Buchsbaum and Pfefferbaum, 1971) , and is relatively more common in men than women (Buchsbaum and Pfefferbaum, 1971) . The association of 'reducing' in men and in patients with PHP and basal ganglia calcification is interesting, since this same association has been observed in a small series of patients with Parkinson's disease (unpublished data).
The observed decrease in AER latency in the patients with lower than normal serum calcium concentration is consistent with our earlier findings that AER latency decreases with decreasing serum calcium concentration (Buchsbaum and . It also suggests that the general lengthening of AER latency in patients with PHP is due not to hypocalcaemia but rather to some other manifestation of CNS changes in this disease. The basis of the relationship between changes in motor nerve conduction velocity, AER amplitude and latency, and serum calcium is not clear. The observed increase in AER amplitude at the rate of approximately 1 ,tv/mg/l00 ml. decrease in serum calcium concentration (between 6 and 8 mg/100 ml.) (Buchsbaum and Henkin, 1970 ) cannot be clearly related to the effects of extracellular calcium concentration on resting membrane potential or excitability. The maximum observed change in serum calcium concentration in our patients, a decrease of about 25%, appears to be too small to effect any significant change in ion or membrane potential phenomena as noted from in vitro data from other investigators (Shanes, 1958) . Further, low extracellular calcium concentrations are usually associated with smaller spike potentials rather than larger ones. While the relationship between AER and spike potentials is quite uncertain, it is difficult to reconcile the opposite direction of these effects.
The observed decrease in AER latency (Buchsbaum and Henkin, 1970) at the rate of approximately 10 msec/mg/100 ml. decrease in serum calcium concentration (between 6 and 8 mg/100 ml.) may be more closely related to the manner by which changes in calcium metabolism affect multi-synaptic systems than to any effect they may have on changes in axonal conduction. Given conduction of the order of 45 to 60 m/sec and the relatively short distance (10 to 20 cm) between retina and cortex, delays of 100 msec cannot be explained by changes in conduction speed alone. It is well known that calcium ions are essential for normal synaptic transmission (Feng, 1936; Del Castillo and Stark, 1952) but their main effect is not on the nerve per se, but rather on the neuromuscular junction (Dodge and Rahamimoff, 1967) .
Not previously taken into consideration is the possible role of adenosine 3', 5'-monophosphate (cyclic AMP) in the AER and perceptual changes observed in patients with PHP for they have lower than normal urinary excretion of cyclic AMP (Chase, Melson, and Aurbach, 1969) . Although these measurements have not been made in patients with schizophrenia, significant alterations in urinary excretion of cyclic AMP have been observed in patients with some affective disorders (Paul, Cramer, and Bunney, 1971) . These latter patients have been observed to exhibit various AER changes (Buchsbaum, Goodwin, Murphy, and Borge, 1971) .
Specific neurophysiological or perceptual deficits are often overlooked in describing clinical syndromes. The approach used here may not only offer diagnostic clues about the disease but also provide new ways of approaching the perceptual processes themselves.
